Preservation of mammalian spermatozoa now plays an important role in fertility treatment, in generating hybrid animals, and in protecting endangered or extinct species. To date, the most common method of sperm preservation is freezing in liquid nitrogen (LN 2 ). However, this method requires constant supplementation of the LN 2 and also involves some safety issues in transporting LN 2 . Here we describe a new sperm preservation method that does not involve freezing. Mouse spermatozoa were cultured in four basic media (HEPES-CZB, potassium simplex optimization medium with amino acids [KSOMaa], K + -rich nuclear isolation medium [NIM], and PBS) with or without 10% bovine serum albumin (BSA) or 15% Ficoll as a protectant, and preserved in a refrigerator for up to 6 mo. These preserved sperm were then injected into fresh oocytes and cultured to the blastocyst stage in vitro or transferred into recipient females to demonstrate their genetic integrity. The results of sperm preservation for 1 mo suggested that NIM and PBS were better media than HEPES-CZB or KSOMaa and that BSA and Ficoll could improve either blastocyst or full-term development. Surprisingly, 18 pups were obtained using spermatozoa stored in these media for 6 mo. Moreover, this new method allowed easy production of healthy offspring even after transport of spermatozoa between two countries by aircraft at room temperature. In conclusion, this method allows for easy long-term preservation of mouse spermatozoa in a simple, modified medium at refrigerator temperature with very low cost and wide application.
INTRODUCTION
Preservation of mammalian spermatozoa now plays an important role in fertility treatment, in generation of hybrid animals, and in protection of endangered or extinct species.
Although long-term preservation of spermatozoa has been achieved by various methods, the most widely used method is freezing in liquid nitrogen (LN 2 ) with cryoprotection. This method has been studied in many mammalian species [1] [2] [3] [4] , including humans [5, 6] . Spermatozoa can be stored for many years, and after thawing they maintain their motility and fertility when used in in vitro fertilization. However, this method requires continual supplementation of LN 2 and presents safety problems for transportation, and LN 2 may not be readily accessible in some developing countries.
To our knowledge, with the development of the intracytoplasmic sperm injection (ICSI) technique, preserved spermatozoa need not maintain their motility. Using this technique, healthy offspring can be produced using cryopreserved spermatozoa without cryoprotection [7] . Although this method raises the possibility that sperm could be stored more simply, it still retains a requirement for an ultralow-temperature freezer and the need for abundant dry ice to transport these samples.
Recently, some new methods were developed using dried spermatozoa. We were the first to report that spermatozoa could be freeze-dried without losing their reproductive potential and stored for 3 mo at 48C or 1 mo at room temperature [8] , and other groups have now successfully stored spermatozoa for more than 1 yr without freezing using a modified method [9, 10] . Although this method is now used in several species for spermatozoa preservation [10] [11] [12] [13] [14] [15] [16] , its limitation is the high cost of the freeze-drying equipment. Another approach that can preserve spermatozoa without freezing is the evaporative drying method [17] [18] [19] . Compared with the freeze-drying method, the evaporative drying method only needs sperm to be placed in a drying chamber and dried by nitrogen gas for a few minutes. However, this simple method does not successfully preserve spermatozoa for more than 3 mo at 48C.
Not only dried spermatozoa but also spermatozoa stored in a simple medium can be successfully preserved. Mouse spermatozoa could activate oocytes after being stored for about 1 wk at 48C in medium or in mineral oil [20] . An electrolyte-free solution can maintain the motility of human spermatozoa for 6 wk, and in mice it allows the production of a live pup after ICSI [21] . Raising the salt concentration of the storage medium seems important for long-term preservation: under hyperosmotic conditions, when 15.55 mg/ml NaCl was added to storage medium, spermatozoa preserved for 70 days at 48C in a bovine serum albumin (BSA)-supplemented basic potassium simplex optimization medium with amino acids (KSOMaa) could support development to full term [22] . However, although this report showed the best record of spermatozoa preservation, for some unknown reason, in vitro development and the offspring rate using preserved spermatozoa decreased following extension of the storage period. Recently, it was reported that spermatozoa could be preserved for a short time within the cauda epididymis in salt or sugars at room temperature [23] .
In most of the media used for mouse spermatozoa cryopreservation, some supplements are added to the basic medium to protect spermatozoa against chromosomal damage. BSA is an important supplement not only in spermatozoa cryopreservation [24] but also in in vitro fertilization and embryo incubation, and it can protect the spermatozoa membranes and enhance spermatozoa capacitation and fertilization [25] . Van Thuan et al. reported that during spermatozoa preservation without freezing, addition of 4 mg/ml BSA significantly improved embryonic development after injection of the preserved spermatozoa [22] . However, no report has examined the preservation efficiency of a high concentration of BSA in basic medium. Another supplement that can protect spermatozoa from damage is Ficoll. Ficoll is widely used in basic research to separate blood into its components. It has been reported that adding up to 50% w/w Ficoll to basic medium does not change the osmolality of the medium, and that medium supplemented with 15% Ficoll should not adversely influence the development of rat embryos [26] . However, whether Ficoll can assist the preservation of spermatozoa remains unclear.
In this study, we describe the addition of 10% BSA or 15% Ficoll to medium prepared for spermatozoa preservation at 48C to test whether these modified media could preserve spermatozoa long term. Moreover, to detect the most efficient basic medium for sperm preservation, HEPES-CZB, KSOMaa, K þ -rich nuclear isolation medium (NIM), and PBS were examined for their preservation efficiency. Spermatozoa samples were preserved for 1-6 mo at 48C and then used for ICSI. Embryonic development in vitro and in vivo was examined to determine the effect of these modified media.
MATERIALS AND METHODS

Animals
B6D2F1 (C57BL/6J (DBA/2) and ICR mice were obtained at 8-10 wk of age from SLC. All animals were maintained in accordance with the Animal Experiment Handbook at RIKEN, Center for Developmental Biology, Kobe, Japan.
Media
HEPES-CZB medium [27] was used for gamete handling and ICSI in air. CZB [28] , KSOMaa (Millipore), NIM [29] , and D-PBS(À) (Wako) were used as basic media. Ten percent (v/v) BSA (Nacalai) or 15% (v/v) Ficoll PM400 (GE) was directly added to these basic media. For embryo incubation, all media were overlaid with sterile mineral oil (Wako) in an atmosphere of 5% CO 2 in air.
Collection of Spermatozoa and Pretreatment
Epididymides were removed from male B6D2F1 mice. After both epididymal ducts were cut with sharp scissors, a few drops of the dense sperm mass were placed into an Eppendorf tube with 100 ll of preservation medium, sealed by Parafilm (Pechiney), and stored at 48C.
Oocyte Preparation
Female B6D2F1 mice were superovulated by the injection of 5 IU of equine chorionic gonadotropin, followed 48 h later by 5 IU of human chorionic gonadotropin. Cumulus-oocyte complexes (COCs) were collected from the oviducts 14-16 h later and moved into HEPES-CZB in a Falcon dish. To disperse the cumulus, the COCs were transferred into a 50-ll droplet of HEPES-CZB containing 0.1% bovine testicular hyaluronidase (Sigma) for 3 min. The cumulus-free oocytes were washed twice and then moved to a new 20-ml CZB droplet for culture.
ICSI and Embryo Transfer
ICSI was performed according to the method described by Kimura and Yanagimachi [27] . For microinjection of sperm stored in medium, 1-2 ll of sperm suspension was moved directly to the injection chamber. The sperm suspension was replaced every 30 min during the ICSI experiment. The sperm head was separated from the tail by the application of several piezo pulses, and the head was then injected into the oocyte according to the method described by Kimura and Yanagimachi [27] .The oocytes that survived ICSI were incubated in KSOM medium at 378C under an atmosphere of 5% CO 2 in air. Pronucleus formation was checked at 6 h after ICSI.
ICR mice were used as the recipients of the embryos. Two-cell embryos were transferred to a Day 0.5 pseudopregnant mouse that had been mated with a vasectomized male the night before transfer. Six to 10 embryos were transferred into each oviduct. At Day 18.5 of gestation, the offspring were delivered by Cesarean section and allowed to mature.
Live/Dead Assay
The LIVE/DEAD Sperm Viability Kit (Molecular Probes) was used to analyze the membrane integrity of the spermatozoa. The procedures were performed according to the manufacturer's protocol. Briefly, spermatozoa preserved in each medium were washed by PBS three times. A 50-fold dilution of the SYBR 14 stock solution (component A) was prepared in HEPES-CZB just before use. Diluted SYBR 14 dye (5 ll) was added to a 1-ml sample of spermatozoa, which was then incubated for 10 min at 378C. Propidium iodide (5 ll, component B) was then added to the 1-ml sample of spermatozoa to a final propidium iodide concentration of 12 lM and incubated for a further 10 min. An aliquot (10 ll) of the spermatozoa sample was moved onto a slide glass (Matsunami). The sample was observed under a BX51 fluorescence microscope (Olympus) equipped with a 488-nm filter. Images were captured with an Olympus DP70 digital camera.
Statistical Analysis
Outcomes were evaluated using arcsine transformation, followed by oneway ANOVA. A post hoc procedure using the Tukey honestly significant difference test was used for multiple comparisons between the groups where appropriate. The computer program SPSS 12.0 for Windows (SPSS) was used for statistical analysis. P , 0.05 was considered statistically significant.
RESULTS
The Best Basic Medium for Spermatozoa Preservation
It had been reported that animal spermatozoa could be stored long term in a simple medium at low temperature [21, 22] . Many media have been used to culture or preserve spermatozoa, including HEPES-CZB or KSOMaa. We first investigated which was the best basic medium to support a high embryonic development rate after ICSI. HEPES-CZB, KSOMaa, NIM, and PBS were chosen as the basic media to preserve mouse sperm at 48C for 1 mo, after which the stored spermatozoa were injected into matured oocytes. As shown in Figure 1 , preservation of spermatozoa in HEPES-CZB did not increase the proportion of developed embryos after 1 mo in storage (2.0%, n ¼ 101); the proportion was the same as that in KSOMaa (1.0%, n ¼ 103). To our surprise, after storage of spermatozoa in NIM and PBS, nearly 20% of embryos developed normally after ICSI (22.8% in NIM, n ¼ 92, and 21.2% in PBS, n ¼ 85). This result suggested that NIM and PBS, media not usually used for embryo or sperm culture, were better for the preservation of spermatozoa than HEPES-CZB and KSOMaa.
Membrane Integrity of Long-Term Preserved Sperm
To improve the efficiency of preservation, addition of BSA or Ficoll to the media was tested. First, to examine the damage 1184 to the plasma membrane after storage, a live/dead assay was used to detect the membrane integrity of preserved spermatozoa. All the sperm stored in KSOMaa and HEPES-CZB medium lost their membrane integrity. Although sperm stored in NIM and PBS medium showed high developmental ability after ICSI, no normal plasma membrane was observed (Fig. 2,  A , B, and G). In contrast, an interesting phenomenon was observed for BSA-supplemented media: more than 20% of stored spermatozoa showed a normal membrane structure (23.78% in BSA-NIM and 17.37% in BSA-PBS; Fig. 2 , C and G). In BSA-NIM in particular, even after 3 mo preservation the percentage of sperm with a normal membrane did not decrease (23.16%; Fig. 2 , D and G), suggesting that BSA addition could protect the membrane structure. However, when spermatozoa were preserved in Ficoll, most lost their normal membrane during preservation (Fig. 2, E-G) .
In Vitro Development after ICSI of Sperm Stored in Modified Medium
Because the two supplements showed opposite effects on the membrane integrity of preserved sperm, embryonic development after ICSI with spermatozoa preserved in the two agents might be markedly different. Therefore, we next injected the preserved sperm into MII oocytes to examine their developmental ability. After 1 mo in storage, in vitro development of embryos to an expanded blastocyst stage using spermatozoa stored in BSA-supplemented NIM or PBS showed no significant difference compared with medium containing no supplements (22.3% vs. 22.8% in NIM, 26.7% vs. 21.2% in PBS; Fig. 1 and Table 1 , rows 1 and 2). However, a striking disparity in preservation efficiency was displayed between NIM and PBS supplemented with Ficoll (Table 1 , rows 3 and 4). When spermatozoa were stored in Ficollsupplemented NIM (Ficoll-NIM), 47.7% of embryos developed normally, whereas only 10% of embryos developed normally after storage in Ficoll-supplemented PBS (P , 0.05). From this finding, it appeared that the rate of in vitro development from stored spermatozoa was not related to the integrity of the spermatozoon membrane.
Three months' storage appears to be the limit for spermatozoa preservation without freezing [17, 22] . However, using spermatozoa stored in BSA-supplemented media, some embryos can still develop normally (12.0% in BSA-NIM; 5.3% in BSA-PBS; Table 1 , rows 7 and 8), whereas most embryos failed to develop to blastocyst stage in unsupplemented medium (Table 1, rows 5 and 6) . Surprisingly, when spermatozoa were stored in Ficoll-NIM, 24.0% of ICSI embryos reached the blastocyst stage. This was similar to the rate attained by Van Thuan et al. [22] after 70 days' storage. However, embryos injected with sperm stored in BSA-PBS showed decreased development, and only 5.3% of embryos developed normally (Table 1 , row 8). Together these results suggest that NIM is the best basic medium for sperm preservation.
After 6 mo preservation, the developmental competence remained higher for sperm stored in BSA-NIM than for those stored in Ficoll-NIM (21.0% vs. 10.0%; Fig. 3, A and B, and 
FIG. 2.
Plasma membrane integrity of spermatozoa after being stored in various media for 1 or 3 mo at 48C assessed with LIVE/DEAD staining. Green fluorescence indicates spermatozoa with an undamaged plasma membrane, and red fluorescence shows membrane-damaged spermatozoa. All the spermatozoa stored in NIM (A, B) showed 100% damaged membranes, and most of the spermatozoa preserved in Ficoll-NIM (E, F) also had damaged membranes. However, some of the sperm stored at 48C for 1 or 3 mo in BSA-NIM had normal membranes (C, D) . G shows the percentage of sperm with normal membranes in the different media. Less than 0.1% of spermatozoa stored in KSOMaa, HEPES-CZB, NIM, PBS, Ficoll-NIM, and Ficoll-PBS had normal membrane structure, whereas sperm with normal membranes constituted 23.78% and 17.37%, respectively, of those stored for 1 mo in BSA-NIM and BSA-PBS. When the storage period was extended to 3 mo, 22.73% of spermatozoa stored in BSA-NIM had normal membranes, whereas this decreased to 3.97% in BSA-PBS. Bar ¼ 200 lm. Table 1 , rows 10 and 11). In contrast, no blastocyst development was observed when oocytes were injected with sperm from other modified media (data not shown).
LONG-TERM SPERM PRESERVATION WITHOUT FREEZING
Full-Term Development Using Stored Spermatozoa
The competence of spermatozoa to support full-term development of fetuses after storage in medium with chemical agents was determined by transferring two-cell embryos into surrogate mothers (Table 2 ). After storage for 1 mo, the fullterm competence was significantly higher for spermatozoa stored in Ficoll-NIM (24.3%) than for spermatozoa stored in NIM, PBS, BSA-NIM, or BSA-PBS (5.5%, 7.1%, 9.4%, and 9.3%, respectively, P , 0.05). However, when ICSI was performed using spermatozoa stored for 3 mo, spermatozoa stored in Ficoll-NIM or BSA-NIM showed no significant difference in offspring rate (8.2% and 11.0%, respectively; Table 2 , rows 6 and 8), whereas only two pups were obtained from sperm preserved in BSA-PBS (Table 2, row 7). Finally, when 152 two-cell embryos that had been injected with sperm stored for 6 mo in BSA-NIM were transferred into pseudopregnant mice, 15 healthy pups were obtained, showing no reduction compared with those injected with sperm that had been stored for 3 mo (Fig. 3C and Table 2 , row 9). In contrast, the preservation effect of Ficoll-NIM showed a time-dependent reduction: only three offspring were obtained from 94 embryos generated from sperm stored for 6 mo (Table 2, row 10). Most of the pups survived and grew to adulthood (Fig. 3D ). Pups were selected randomly to examine whether they remained normally fertile. As shown in Table 3 , all the tested pups showed normal reproductive ability when they were mated with normal mice, suggesting that long-term sperm preservation did not influence the normality of the progeny after ICSI.
Effects of Room-Temperature Preservation of Sperm on Embryonic Development and Full-Term Development after International Transportation
To test the applicability of this preservation method, we transported samples between two countries. Sperm samples were collected at RIKEN, CDB, Kobe, Japan. Then, using a commercial courier service, the samples were stored in modified medium at room temperature and sent to the Shanghai Institute of Planned Parenthood Research, Shanghai, China. After 4 days' storage, almost all sperm injected could activate oocytes, and embryos from ICSI with sperm stored in Ficoll-NIM showed a higher rate of development to blastocyst stage than those stored in BSA-NIM (42.8% in Ficoll-NIM, n ¼ 152; 24.3% in BSA-NIM, n ¼ 152; Table 4 , rows 1 and 2). Similar results were obtained in a transfer experiment. Fourteen pups were obtained from 52 transferred two-cell embryos (n ¼ 119) generated by injection with sperm preserved in Ficoll-NIM, and we obtained 17 pups from 94 transferred embryos (n ¼ 139) from sperm preserved in BSA-NIM (Table 4 , rows 3 and 4). Next, to try to avoid problems during international transportation, we extended the preservation period at room temperature to 2 wk. Spermatozoa stored in BSA-NIM partly lost their oocyte-activating potential, but embryonic development after ICSI was maintained (Table 4 , row 5). In contrast, sperm preserved in Ficoll-NIM showed the opposite results (Table 4 , row 6). Thus, only embryos from ICSI with sperm stored in BSA-NIM could develop to full term after embryo transfer, even though the offspring rate significantly decreased (Table 4 , row 5). These results demonstrate for the first time that sperm can be transported for long distances without any protectant. 
DISCUSSION
In recent years, germ cell preservation, especially sperm preservation, has become necessary in both basic research and animal husbandry. Compared with maintenance of animal strains, sperm preservation saves costs and space. Currently, cryopreservation of spermatozoa is commonly used in many animal species for preservation of male germ cells. However, this method has several shortcomings, including high cost and safety concerns in transportation of samples. To investigate an alternative storage method that would not have these shortcomings, we examined spermatozoa that had been stored long term without freezing, and injected these spermatozoa into oocytes using the ICSI technique to test whether the embryos could develop to full term. To our surprise, mouse sperm succeeded in producing healthy offspring when stored in a simple medium. To our knowledge, this is the first demonstration that these spermatozoa retain their nuclear integrity when preserved without freezing for 6 mo. Moreover, using this simple method, we succeeded in transporting preserved sperm by aircraft at room temperature and obtaining healthy offspring after ICSI.
NIM Is the Optimal Basic Medium for Long-Term Preservation
It is well known that CZB medium or EGTA Tris-HCl medium can be used for freeze-drying sperm or other cells [8, 9, 30, 31] . However, few studies have succeeded in preserving sperm in a liquid state, and the best medium is still unclear. In the present study, we first examined different basic media for preservation to find the optimal medium for long-term storage. HEPES-CZB has been used to culture mouse sperm temporarily before ICSI. However, after storage for 1 mo, only 2% (2/ 101) of injected oocytes developed to blastocyst stage (Fig. 1) . HEPES is an important agent in cell culture medium, largely because it can maintain its pH despite changes in CO 2 concentration. However, it has also been reported that HEPES can be toxic because of the production of hydrogen peroxide LONG-TERM SPERM PRESERVATION WITHOUT FREEZING after exposure to light [32, 33] . Although the sperm are stored in darkness, medium containing HEPES is unsuitable for longterm preservation. Similar results were observed when we stored sperm in KSOMaa, a normal embryo culture medium. Most of the embryos injected with preserved sperm could not develop normally. This is similar to the report of Van Thuan et al., in which sperm stored for more than 24 days in KSOMaa as a basic medium could not support development to blastocyst stage after ICSI [22] . Surprisingly, more than 20% of oocytes injected with sperm stored in K þ -rich NIM for 1 mo could reach the blastocyst stage (Fig. 1) . NIM is much better for maintaining the function of sperm for ICSI than Na þ -rich medium, and is now used in cryopreservation in general [29] . A medium with high Na þ concentration can cause nuclear halos in which sperm DNA is dissociated from the nuclear matrix because of removal of the protamines and histones [34] , and paternal chromosome damage has been found in embryos injected with nuclear halo sperm [35] . Thus, we suggest that in long-term preservation, Na þ -rich media such as HEPES-CZB and KSOMaa may cause nuclear damage to the sperm so that embryonic development of ICSI embryos is arrested, whereas K þ -rich NIM could protect sperm nuclei from damage.
Dramatic Effect of the Additives
An important finding in the present study concerned the preservation efficiency of BSA and Ficoll. Although the use of BSA for cryopreservation in some species has already been reported [24, 36, 37] , most of the reports used only 0.4%-0.5% BSA as a supplement. No report has described the efficacy of a high BSA concentration. Another agent, Ficoll, has also been used in cryopreservation but appeared to have no efficacy for preservation [38, 39] . It has been reported that Ficoll is less toxic for rat embryo cultures in vitro [26] . In the present study, 10% BSA or 15% Ficoll was added to basic medium. This modified medium could support storage of mouse spermatozoa for at least 6 mo, whereas the addition of 0.4% BSA could preserve spermatozoa for only 1 mo [22] .
In our experiments, 18 pups were obtained using spermatozoa stored in modified medium for 6 mo. To our knowledge, this is a new record for spermatozoa preservation in medium without freezing. We also examined several concentrations of Ficoll and BSA as additives. Less than 10% additive showed no significant efficacy in preservation and presented difficulties for ICSI into oocytes. In contrast, when spermatozoa were kept in medium containing more than 25% Ficoll, this caused immediate loss of motility and led to decreased embryonic development after ICSI using these spermatozoa. Increasing the concentration of BSA to 30% showed no developmental improvement over that observed with 10% BSA (data not shown).
The Difference Between BSA and Ficoll Addition
Although healthy pups were delivered from oocytes injected with sperm stored in both BSA-and Ficoll-supplemented medium, there remained a difference in the preservation of sperm in these two agents. One major difference is the plasma membrane integrity of the sperm. In the past, it was considered important to protect the spermatozoon membrane during preservation, which is why skim milk, egg yolk, and other supplements were usually added to the medium for cryopreservation to protect the plasma membrane from damage. Recently, it has been shown that when using the ICSI technique, the membrane is not required for fertilization [7, 8] . We previously reported that sperm treated with high-pH solution to dissolve the membrane could support a high offspring rate after ICSI [40, 41] . These results suggest that membrane integrity bears no relationship to male germ cell preservation. In this study, basic NIM could not maintain membrane normality after preservation for 1 mo (Fig. 2A) . Even when 15% Ficoll was added to NIM, the membranes of most spermatozoa were destroyed (Fig. 2E) . However, healthy offspring were obtained from sperm stored for 6 mo in NIM containing 15% Ficoll (Table 2 , row 10). Ficoll is a highmolecular-weight sucrose polymer. In particular, Ficoll PM400 provides a density range with a maximum of 1.2 g/ml with a low osmotic pressure, which is more supportive for cells or tissues. Moreover, Ficoll PM400 displays very low toxicity for rat oocytes [26] . In our ICSI experiment, oocytes injected with sperm preserved in Ficoll-NIM for 1 and 3 mo showed a high embryonic developmental rate (Tables 1 and 2 ). We suggest that Ficoll-supplemented NIM may directly protect the sperm nucleus because the small changes in osmolality of this medium preserve the physiological and morphological integrity of the sperm DNA.
In contrast, in 10% BSA-NIM, more than 20% of preserved sperm retained their membranes, and this percentage did not decrease when cells were stored for up to 3 mo (Fig. 2, E and  F) . A similar result has been reported in bovine frozen-thawed sperm, where BSA addition maintained acrosome integrity [42] . It is well known that BSA absorbs onto the membrane of sperm cells and causes an influx of calcium ions into the cytoplasm [43] . In addition, it has been established that BSA may enhance membrane fluidity by decreasing the cholesterol ratio in sperm membranes [44, 45] . Thus, it could be speculated that BSA-supplemented medium protects mouse spermatozoa by maintaining their membrane structure and creating a balance in membrane fluidity that protects against DNA damage. Thus, this could explain the high offspring rate obtained from spermatozoa stored in this medium for 6 mo ( Table 2 ).
The Future Application of Preservation of Spermatozoa Without Freezing
Preservation of spermatozoa without freezing has great potential for transporting sperm samples from country to country at low cost and low risk. In general, male germ cell transportation requires LN 2 . Although sperm stored under these conditions can maintain their motility after thawing, the high cost of this method limits its application in some developing countries. Recently, some papers have reported novel transportation methods using freeze-dried sperm stored at À808C [46] or within epididymides in medium at refrigerated temperatures [47] . In this study, we succeeded in transporting spermatozoa samples between two countries at room temperature (Table 4) . From our results, it is clear that preserving sperm at refrigerator temperature could extend the preservation period up to half a year. However, for international transportation, any option such as LN 2 , dry ice, or cooling package may cause the rising of transpiration costs. So the most convenient method should be a transit sample at room temperature. We showed that a sperm sample after short-term preservation at room temperature could still maintain full-term developmental ability via ICSI (Table 4) . This provides a possible method to resolve the limitations of ICSI technology. For reproduction of important mouse strains, one laboratory with low expertise in ICSI technology can easily send sperm samples by this method to another laboratory with high levels of ICSI technology. However, the method needs improvement because the offspring rate after 2 wk storage at room temperature decreased significantly. Moreover, we do not 1188 know the preservation efficiency of this method for farm species; transportation of bovine and porcine sperm would be very valuable in the fields of basic research and reproduction.
The findings of this study suggest the possibility of even longer preservation of male germ cells by further improvement of the methods. One possible improvement is the type of medium supplement used. Many types of serum or saccharide could improve the preservation of spermatozoa at 48C similarly to BSA and Ficoll. Another possibility is to preserve tissues. In most fertility research, spermatozoa are cryopreserved or stored without freezing as single cells. Recently, Ohta et al. reported the full-term development of embryos using spermatozoa obtained from frozen testicular sections [48, 49] . This finding suggests that storing spermatozoa in the epididymis may restrict the damage caused to them by preservation compared with storing free spermatozoa. We expect that the efficiency of preserving epididymides could be further improved in supplemented medium.
In the present report, we describe the attempted preservation of spermatozoa using a modified medium. Spermatozoa could be stored successfully for at least 6 mo. LN 2 and ultralowtemperature freezers are not needed for this method. Transportation of the stored sample should be convenient and safe. Most important is the low cost of this method, and it is hoped that this method might find wide use in developing countries.
